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ABSTRACT : 

PROBLEM TO BE SOLVED: To perform an in-line 100% inspection in 
each process 

which contains a defect inspection in a single clear disk state 
immediately- 
after a molding operation in an optical-disk reproduction process. 

SOLUTION: Light from a light source 22 0 is condensed by a 
condensing lens 

222. The condensed light is passed through a pinhole 224, and 
parallel light 

is generated through a high-performance large collimating lens 226 
whose visual 

field is a disk radius. The optical path of the parallel light is 
changed by 

90° in a beam splitter 214, and the disk surface of an optical 
disk 230 to 

be inspected is irradiated with the parallel light. Reflected light 
from the 

disk 230 passes a lens system 212 so as to be incident on a camera 
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210. The 

radiated parallel light is changed into a diffused light even for a 
fine defect 

in a height of 10 nm or higher and in a size of about 25 μm, the 
gray level 

of the light receiving image of the defect is changed in a good S/N 
ratio, and 

the fine defect of the optical disk can be detected. 
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BASIC-ABSTRACT: 

NOVELTY - The light emitted from the light source (220) is passed 
through a 

condenser lens (222), collimating lens (226) and beam splitter (224) 
and 

irradiated on the optical disk surface (230) . A camera (210) 
receives the 

light reflected from the disk surface. A control unit recognizes the 
defect of 

optical disk from the image picked up by the camera. 

USE - For examining and detecting defects such as shaping defect, 
surface 

scratches, black spot, bubble, pin hole, aluminum scratch, bump, oil 
stain in 

exterior of optical disks e.g. DVD. 
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ADVANTAGE - Since minute defects of optical disk, is detected 
reliably. Large 

improvement in productivity is achieved. 

DESCRIPTION OF DRAWING (S) - The figure' shows the structure of optical 
disk 

inspection system. 
Camera 210 
Light source 22 0 
Condenser lens 222 
Beam splitter 224 
Collimating lens 226 
Optical disk 230 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical disk appearance defective test equipment for 

inspecting the appearance of an optical disk and discovering a defect. 

[0002] 

[Background of the Invention] Also although the densification of the optical disk represented by DVD 
progresses and the strict error correction method is established in recent years, and it is called an about 
lOmicro detailed defect in connection with densification, it is in the situation that this cannot be 
disregarded. If the duplicate stroke of DVD is taken for an example, on the transparence base by which 
the irregularity of La Stampa was imprinted with shaping, after membrane formation, after applying a 
binder to the disk of two upper and lower sides, gold and the metal thin film of aluminum will be made 
to rival, and DVD will complete them in a sputtering stroke. 

[0003] In this DVD duplicate stroke, in order to perform much ultra-precision machining, the forming 
technique of a detailed record pit, a precision lamination technique, etc. have a possibility of generating 
many detailed defects, and have the need for total inspection at each process for quality reservation in a 
duplicate stroke. In appearance defective inspection of an optical disk, it is required that a shaping mold 
release defect, a surface crack/foreign matter, an internal foreign matter, and other detailed defects 
should be detected by about lOmicro. By the current main optical disk manufacture manufacturer many, 
total inspection is carried out only in a final process just before product completion for quality 
reservation. 

[0004] The DVD production process performed to drawing 1 now and an inspection process are shown. 
After the spatter of A and B which were cast is carried out in gold or aluminum, they are made to rival 
in drawing 1 . After hardening it, total inspection was carried out, and the disk with which the defect was 
discovered is discarded. Only what passed inspection prints a label and serves as a finished product. The 
optical system used by the inspection in this final process is shown in drawing 2 . This optical system 
reflects the light which carried out incidence aslant from the light sources 110, such as the band- like 
light source, by the disk 130 to be examined which is rotating with the spindle 140, and catches that 
zero-order specular reflection light with the cameras 120, such as a single dimension CCD. When the 
image photoed with the camera changes with defects, the defect of a disk to be examined is discovered. 
[0005] However, in total defective inspection currently carried out by the final process to which the 
reflective film was added, some defects (for example, internal foreign matter of a molding mold release 
defect part) are undetectable. Furthermore, in the middle of before a spatter rig stroke, in the state of the 
transparent clear disk in a stroke, permeability is high, in the specular reflection optical system (refer to 
drawing 2 ) by the oblique incidence which inspects the final product which added the reflective film by 
sputtering, the defective image itself is hard to see, it becomes invisibility, and defective detection 
cannot be performed fundamentally. For this reason, defective inspection in a stroke cannot be carried 
out the middle. Consequently, the defect generated in the molding stroke cannot be detected to a final 
process, but will be carried over, and will pass through sputtering expensive as it is and a cladding 
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stroke. Consequently, it is the cause of reducing productivity. 

[0006] Moreover, similarly defective inspection of a final process cannot be hard to see, and cannot 
serve as improper visual image, and molding mold release defective" nonuniformity" generated on a 
disk front face at the time of molding mold release cannot detect this. Similarly, although the detailed 
internal foreign matter especially with high transmission produces change in disk thickness at the time 
of cladding, by defective inspection of the present final process, it cannot become the improper visual 
image and it cannot be detected. As a result, it becomes the major defect which induces a tracking error. 
[0007] 

[Problem(s) to be Solved by the Invention] The defect which generates in a stroke the trouble of 
defective inspection conducted only by the present final process the middle in inspection only by the ** 
final process is carried over by the final process, and productivity is bad and it is pulling up product cost 
sharply. 

** Some detailed foreign matters may not be discovered for the defective inspection by the final process 
by the defect of a shaping mold release defect and a surface crack/foreign matter, an internal foreign 
matter, and others. The suitable optical method which the reason for causing this trouble is in the clear 
disk condition in front of a ** sputtering stroke, and can detect all defects does not have current, and 
defective inspection must be carried out by the final process. 

** With a shaping mold release defect and some detailed foreign matters, it may not be detected as a 
defect from the optical property of the product itself by the optical method by which current use also of 
the defective inspection by the final process is carried out. 

Consequently, by the molding mold release defect, a reflection factor fall is caused, and a detailed 
foreign matter serves as a tracking error in which error correction is impossible, and serves as a major 
defect. 

[0008] In defective inspection in an optical disk duplicate stroke, the following improvements are 
needed from this. 

** It is each process which includes a stroke the middle, and defective inspection can be especially 
carried out also in the state of a clear disk. 

** It is each process which includes a stroke the middle, and a molding mold release defect and a 
detailed foreign matter can detect correctly especially. 
Immediate solution is called for by **. 

[0009] The purpose of this invention is an optical disk duplicate stroke, is each stroke including 
defective inspection in the veneer clear disk condition immediately after shaping, and is offer of the 
optical disk appearance defective test equipment which can conduct in-line total inspection. 
[0010] 

[Means for Solving the Problem] In the optical disk appearance defective test equipment for this 
invention inspecting the appearance of an optical disk to be examined, in order to attain the above- 
mentioned purpose, and discovering a defect, it is characterized by to have the camera which receives 
the light reflected perpendicularly, and the control section which recognizes the defect of said optical 
disk with the image from said camera from the light source, the lens system which makes light of said 
light source a parallel ray, and is made to carry out incidence at right angles to said optical disk, and said 
optical disk. Said lens system has a condenser lens, a pinhole, and a collimate lens, and a parallel ray can 
be obtained by irradiating to an optical disk through the beam splitter which penetrates the reflected light 
from an optical disk. Moreover, said camera is a 1 -dimensional camera and the image of the whole 
optical disk surface can be captured by rotating said optical disk to be examined one time. Detection of 
the defect in said control section is performed by detecting the square which has the side in radial [ of 
the disk circumscribed to a defect / R ], and the rotation hoop direction L. At optical disk duplicate each 
process, this equipment is applicable to in-line total appearance defective inspection which includes the 
clear disk condition in a stroke the middle, and can carry out inspection detection of a shaping mold 
release defect, a surface crack/foreign matter, an internal foreign matter, and many other defects from 
about lOmicro. 
[0011] 
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[Embodiment of the Invention] The operation gestalt of this invention is explained to a detail with 
reference to a drawing. First, in this invention, it explains using drawing 3 to which stroke optical visual 
inspection is conducted. In this invention, as shown in drawing 3 , optical visual inspection is conducted 
for a total check also to the transparent clear disk condition immediately after a molding stroke. For this 
reason, in this invention, the new collimation light source which can be clearly observed by high S/N 
was developed also in the state of the clear disk with a transparent stroke the middle. The collimation 
light source used with the optical disk appearance defective test equipment of this this invention is first 
explained using drawing 4 . 

[0012] In <optical system currently used by this invention> drawing 4 , the 1 -dimensional CCD camera 
of 5150dot(s) is used as a camera 210, a spindle 240 is rotated by the motor (not shown) by making the 
disk radius of the inspection disk 230 into a visual field, a disk flat surface is developed at a two- 
dimensional flat surface, and defective inspection is conducted. In addition, a two-dimensional thing is 
sufficient as a camera. In the optical system currently used, the light (halogen light) from the light 
source 220 (for example, halogen light source) is condensed with a condenser lens 222. Then, a pinhole 
224 is passed for the light which condensed and it generates in parallel light through the large-sized 
collimate lens 226 of the high performance which carries out the visual field of the disk radius. 90- 
degree optical path is changed in a beam splitter 214, and this parallel light is irradiated on the disk front 
face of the inspection optical disk 230. The reflected light from an optical disk 230 passes a lens system 
212 (for example, telecentric optical system), and it carries out ON light to a camera 210 (for example, 
5150-dot high-speed CCD camera of 1 -dimensional one). 

[0013] Since it becomes the diffused light and the gray level of a defective light-receiving image 
changes with sufficient S/N also by the detailed defect with a height [ of lOnm ] - a magnitude of about 
25micro, the irradiated parallel light becomes possible [ detecting the detailed defect of an optical disk ]. 
This is explained using drawing 5 . In drawing 5 , incidence is carried out to a defect-free part (a), and 
since an optical disk is a fixed mirror plane, parallel light is reflected, without being disturbed. 
Therefore, the image with the camera of this part is a quantitive light-receiving image. On the other 
hand, in a part (b) with the defect 250 of internal inclusion etc., since the reflected lights are scattered 
about according to a defect 250, the fall of a gray level is observed by dispersion with a camera 210. 
Thereby, it is detectable also by the very small defect. 

[0014] In addition, in order to avoid overlooking a delicate gray level change by the nonuniformity of 
lighting, and change, monitoring of a setting illuminance is performed at any time, and modulated light 
automatic control is performed to the light source 220. This is explained in detail later. According to 
such optical system, it can observe now by high S/N vividly to the detailed defect of a transparent clear 
disk condition which was difficult until now. 

[0015] <Optical disk appearance defective test equipment> drawing 6 is the block diagram having 
shown the optical disk appearance defective test equipment incorporating the above-mentioned light 
source and optical system. Optical disk appearance defective test equipment is explained in detail using 
this. First, each part of a block of the equipment shown in drawing 6 is explained. It connects with an 
optical fiber 260 from the light source 220 (for example, halogen light source) whose light can be 
modulated, and incidence of the light source and the optical system 200 is carried out to the collimate 
lens 226. A camera 210 is for example, a 1 -dimensional CCD camera, and has changed into the 1- 
dimensional picture signal the light reflected from optical system. Since the optical disk 230 to be 
examined is rotating by the spindle motor 270, the image photoed with the camera of a single dimension 
is developed by the two-dimensional image. The modulated light light source 220 is light equipment 
which supplies light to optical system, and can control brightness by the modulated light control section 
320. A spindle motor 270 is a motor for turning an optical disk to be examined, carrying out two- 
dimensional expansion of the image of 1 -dimensional CCD camera 210 which makes a visual field a 
radius, and inputting the image of all disk sides. The motor driver 342 is a driver unit which carries out 
the roll control of the spindle motor 270. The image input section 310 is the interface section which 
incorporates the picture signal from 1 -dimensional CCD camera 210 to CPU. The modulated light 
control section 320 is the interface section for controlling the brightness of the modulated light light 
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source 220 from CPU330. The servo motor control section 342 is the servo control section for rotating a 
spindle motor 270 at a fixed speed. The encoder interface 344 is the interface section which receives a 
rotation pulse from the encoder connected to the motor 270 in order to grasp the rotation condition of a 
spindle motor 270. The host-CPU interface 350 is the interface section for communicating an inspection 
result to another host CPU (not shown). Control CPU 330 generalizes controlling the whole equipment, 
CRT332 of a man-machine ** sake, a keyboard 334, and printer 336 grade. The robot control section 
360 is a control section for controlling the robot 362 for carrying in and taking out to equipment the 
optical disk which carries out defective inspection from CPU330. 

[0016] Order is explained for the fundamental outline of the equipment shown in <of operation outline> 
drawing 6 of operation in detail later on below. 

** Control the modulated light light source 220 in inspection initiation to obtain the fixed quantity of 
light by the command from the modulated light control section 320, and make halogen light turn on. 
** One sheet of the subject-of-examination light desk 230 centers and attaches in a spindle motor 270, 
and is adsorbed and fixed to it by the robot handling control section 362. 

** A spindle motor 270 starts rotation by the command from the servo motor control section 342. 
** If the signal from an encoder is checked through the encoder interface 344 and it becomes constant 
speed, CPU330 will start the input of a 1 -dimensional picture signal through the image input section 
310. 

** Carry out one revolution of spindles 240, and input the image data of the whole optical disk surface 
into CPU330 from a camera 210. 

** CPU330 inspects the situation of the defective image which does not reach a fixed threshold from the 
inputted image. 

** Display an inspection result on CRT332 and report to the host CPU which has managed the 
production process to coincidence through the host CPU interface 350. 

** The robot handling control section 362 removes the optical disk which has the defective image which 
does not reach a fixed threshold from a production process, and it considers the other optical disk as 
success. Also in the case of a clear disk, an optical disk with a defect can be discovered by using the 
optical disk appearance defective test equipment of this invention by carrying out such. 
[0017] The example about how the defect detected in the <detection of defect> above-mentioned optical 
disk appearance defective test equipment is judged is explained in detail using drawing 7 . As mentioned 
above, the image from the single dimension camera 210 is inputted into CPU330 as a two-dimensional 
image by rotation of a spindle motor 270. In radial [ of a disk / R ], and the rotation hoop direction L, the 
image 420 which is a defect is each greatest die length whose gray level is below a threshold, and is 
judged first. This has the side in radial [ of a disk / R ], and the rotation hoop direction L, and, 
specifically, is recognized by CPU330 as magnitude of the square 430 circumscribed to a defect 420. 
The defect of an optical disk can be discovered by detecting such a square 430. 
[0018] Furthermore, if required, the class of defect can also be classified into surface discontinuity (a 
blemish, foreign matter adhesion), an internal defect (internal inclusion), mold release nonuniformity, 
the abnormalities in molding, etc. from the descriptions, such as magnitude of the image data of a defect, 
a configuration, magnitude of a gray level, and change. The discovery of the defect of a manufacture 
machine and the improvement of a production process which are used for the production process which 
caused the defect by the classification of such a defect can also be aimed at. In order to perform this 
classification, it is realizable by repeating the visual data in an optical microscope, and actual defective 
image data, carrying out comparison examination carefully, and clarifying the focus. 
[0019] 

[Effect of the Invention] It can be used for in-line total appearance defective inspection not only at a 
final process but at each process which includes the clear disk condition in a stroke the middle by using 
the optical disk visual-inspection equipment incorporating the light source and optical system of this 
invention like the above-mentioned explanation. With this equipment, they are a shaping mold release 
defect, (Cloud), and a surface crack/foreign matter. (Suface scratches, Lacquer splashers) An internal 
foreign matter (Black spot, Bubble), other defects (Pinhole, Aluminum scratch, Bump, Oil stain) 
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Inspection detection can be carried out from about lOmicro. Consequently, in optical disk duplicate each 
process, it can contribute to a large productivity drive. 

[Translation done.] 
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